Aims We aimed to know how plant species colonize landslides under a semi-arid climate. Methods We selected 30 landslides triggered by the continuous rainstorms in the hilly-gullied region of the Chinese Loess Plateau in July 2013. We quantified postlandslide changes in a core list of soil properties, vegetation properties and plant functional traits and also analyzed their relationships.
Introduction
Landslides are natural geomorphologic processes that continuously shape landscapes in most mountainous regions of the world (Xu et al. 2007; Restrepo et al. 2009; Sidle and Bogaarda 2016; Arnáez et al. 2017) . They are also a severe form of natural disturbance that can deplete the productivity of slope ecosystems in a very short time, and they require a quite long time for restoration (Guariguata 1990; Dalling 1994; Restrepo et al. 2003) . The down-slope removal of soil and vegetation caused by landslides has aroused an increasing number of explorations into plant recolonization and ecological restoration theories (Lundgren 1978; Guariguata 1990; Walker et al. 1996; Velázquez and Gómez-Sal 2007; Restrepo et al. 2009; Walker et al. 2009; Neto et al. 2017) .
Plant species composition (represented by species occurrence or species abundance) on landslides is usually different from that on the surrounding undisturbed substrates (Guariguata 1990; Restrepo and Vitousek 2001; Velázquez and Gómez-Sal 2007; Neto et al. 2017) . In addition to increased light into treefall gaps in montane forests (Guariguata 1990; Myster and Femández 1995) , these post-landslide vegetation changes can be associated with large changes in soil properties caused by landslides (Restrepo and Vitousek 2001; Lozano and Bussmann 2005) . After landslides, the original slopes become steeper, and the soils turn arid and infertile (Lundgren 1978; Dalling and Tanner 1995; Wilcke et al. 2003) . Steep slopes can present difficulties for seed fixation and plant persistence on hillslopes (Cerdà and García-Fayos 1997; Bochet et al. 2009 ). A substantial decrease in the availability of soil moisture can inhibit seed germination and reduce seedling survival (García-Fayos et al. 2000; Bulmer and Simpson 2005) . Likewise, a substantial decrease in soil fertility can reduce seedling survival and growth (Record et al. 2016) . Therefore, the new soil surfaces produced by landslides may act as a filter in the process of plant recolonization, thus filtering out the species whose traits reflect lower fitness for the new soil conditions and also restricting the relative abundance of colonizing species. Or in other cases, the new soil surfaces may be favorable to the successful colonization of the surrounding rare or minor species, such as Orchis italica and Anacamptis pyramidalis on Mediterranean landslides (Neto et al. 2017) , thus they may also act as a temporary shelter, or a diversity reservoir. In addition, the new soil surfaces may be susceptible to the invasion of exotic species, thus unfortunately becoming an invaded system, such as the landslides in the Ninole ridges on the island of Hawai'i and the large landslide on the Casita Volcano of Nicaragua (Restrepo and Vitousek 2001; Velázquez and Gómez-Sal 2007) .
Within landslides, scars (the newly exposed soil surfaces) are typically characterized by persistent erosion, infertility and propagule unavailability, while deposits (the down-slope deposition zones of landslides) are relatively stable and commonly considered as a rich mixture of displaced soil and plants (Guariguata 1990; Myster and Femández 1995; Velázquez and Gómez-Sal 2008; Walker and Shiels 2008) . Plant species composition on scars has been found to be different from that on deposits (Guariguata 1990; Velázquez and Gómez-Sal 2007) , probably because the differences between scars and deposits in stability, fertility and the availability of propagules drive two different ways for plant species to colonize. For example, within a landslide on the Casita Volcano of Nicaragua, Trema micrantha (L.) Blume exhibits different growth strategies on scars and deposits, being short and thin on scars but highly variable in stem height and diameter on deposits (Velázquez and Gómez-Sal 2009) ; moreover, a 'small'-seed morphotype (represented by seeds of Trema micrantha (L.) Blume) and a 'large'-seed morphotype (represented by seeds of Muntingia calabura L.) are fit for the unstable and infertile condition of scars and the stable and comparatively fertile condition of deposits, respectively (Silvera et al. 2003; Velázquez and Gómez-Sal 2007) . In addition, long-distance seed dispersal and vegetative expansion from adjacent plants are critical for scars, while in situ germination of displaced seeds, resprouting of plant remnants and survival of displaced plants should be more common for deposits (Lundgren 1978; Guariguata 1990; Restrepo et al. 2009 ). Likewise, the plant species whose seeds are more capable of resisting erosion forces and germinating quickly should be dominant on scars by reference to previous research on eroded slopes under semi-arid climates (Bochet et al. 2007; Wang et al. 2011a; García-Fayos et al. 2013 ). The trait-based approach may provide unique mechanistic insights into plant-soil interactions in the process of plant recolonization after landslides, but it has not been extensively applied in this field.
Plant recolonization after landslides has been well studied in tropical or temperate montane forests characterized by humid environments and light competition between plants Restrepo et al. 2009; , but there is still little information concerning plant recolonization after landslides somewhere under other climate regimes, such as a semi-arid climate. Under semi-arid climates, the critical issue for plant colonization is to overcome drought as well as soil erosion (Bochet et al. 2007 (Bochet et al. , 2009 Wang et al. 2011a; Bochet 2015) . The hilly-gullied region of the Chinese Loess Plateau suffers from a long history of drought and soil erosion due to the climatic, geomorphologic and edaphic characteristics, as well as intense human activities for millennia (Li et al. 2008) . Landslides are common and catastrophic events in this region (Liu and Wu 1996; Li et al. 2008) , and they left a deep imprint on the region because of the continuous rainstorms in July 2013 (Cao et al. 2015) , thus providing us with a good opportunity to study plant recolonization after landslides under a semi-arid climate.
The objective of this study was to know how plant species colonize the new soil surfaces produced by landslides under a semi-arid climate. Based on the previous knowledge, we hypothesized that under this climate regime, landslides would also exert profound effects on soil properties and then on vegetation properties involving vegetation cover, species richness and species composition. We also hypothesized that plant-soil interactions during plant recolonization could be revealed through post-landslide change in plant functional traits related to dispersal, establishment and persistence. To test it, we selected 30 landslides triggered by the continuous rainstorms in the hilly-gullied region of the Chinese Loess Plateau in July 2013. Then, we quantified post-landslide changes in soil properties, vegetation properties and plant functional traits and also analyzed their relationships. Finally, we discussed the process of plant recolonization after landslides and the restoration potential of landslides in the area.
Materials and methods

Study area
This study was conducted in the Majiagou (36°49′-36°56′ N, 109°09′-109°18′ E), Yaozigou (36°47′-36°49′ N, 109°15′-109°20′ E), Fangta (36°47′-36°49′ N, 109°14′-109°16′ E) and Xiannangou (36°41′-36°44′ N, 109°13′-109°18′ E) watersheds (Ansai County, Shaanxi Province, China), at altitudes between 1100 and 1450 m a.s.l. in the hilly-gullied region of the Chinese Loess Plateau.
Climate is cold and semi-arid (BSk; Köppen 1884). Average annual temperature is around 9°C, and annual precipitation is around 500 mm (50-70% occurring from July to September and mostly in the form of rainstorms) (Li et al. 2008) .
Soils are mainly silty-loam, with pH values of 7.6-8.5, soluble salts less than 1 g kg -1 and internal friction angles around 25° (Guo et al. 1992; Liu and Wu 1996) .
Moreover, the area of slopes with slope angles >25°( that are prone to failure) comprises 33.9 ± 3.4% of the watershed area in 2014 (Chen, unpublished data) . Vegetation covers 61.1 ± 8.9% of the watershed area in 2014 (Chen, unpublished data (Li et al. 2008) . Shrubs are typically sparse, including Periploca sepium Bunge, Sophora davidii (Franch.) Skeels var. davidii, Buddleja alternifolia Maxim. and Syringa oblata Lindl. var. oblata, among others (Li et al. 2008) . The area has a long history of cultivation, grazing and exploitation that disturbed the natural vegetation and caused serious soil loss, but several native plants and exotic plants (e.g., Robinia pseudoacacia L. var. pseudoacacia, Salix matsudana Koidz. var. matsudana, Populus simonii Carr. var. simonii, Hippophae rhamnoides L. and Caragana korshinskii Kom. f. korshinskii) have been extensively used for large-scale restoration programs since 1999 (Li et al. 2008 ). There are also economic forests in the area, dominated by Malus pumila Mill. and Cerasus pseudocerasus (Lindl.) G. Don.
The geomorphologic, climatic and edaphic characteristics as well as the intense human activities make the area very prone to landslides (Liu and Wu 1996; Li et al. 2008) . In addition, landslides occurring in the area are mostly shallow-seated types (<2 m deep; Sidle and Ochiai 2006) , which occur often in a large quantity and should be the main source of soil erosion in the area (Zhang and Li 2011) .
Sampling design
In July 2014, 30 landslides were carefully selected out of hundreds of landslides caused by the continuous rainstorms in the area in July 2013 (Table 1) . These selected landslides occurred at different elevations and aspects and were shallow-seated, and there were no signs of recent landslides in the surrounding vegetated areas. The location, elevation and aspect of each landslide were measured using a hand-held GPS (UG903S; Beijing Unistrong Science and Technology Co., Ltd., Beijing, China). Erosion depth, the average depth of soil removal by a landslide, was measured in at least three points of each landslide using a straightedge. The measuring points for each landslide were evenly distributed along the landslide edge.
For each landslide, we investigated two zones within the landslide: the scar (the newly exposed soil surfaces) and the deposit (the down-slope deposition zone of the landslide); we also investigated the undisturbed vegetated area surrounding the landslide (within 20 m from the landslide edge), which has been commonly considered as the vegetation state reference and the main propagule source for landslides (Lundgren 1978; Walker et al. 1996) and thus was used as a control area.
We determined the geographical coordinates of each of the two landslide zones and the surrounding vegetated areas using the GPS, and then we calculated geographical distances among all these sites using ArcGIS (version 10.2, Environmental Systems Research Institute, Inc., Redlands, California, US). We also measured the slope angle of each of the two landslide zones and the surrounding vegetated areas using a slope scale (JZC-B2; Bofei Construction Instruments Co., Ltd., Suzhou, China) with three repetitions.
Vegetation properties
A vegetation survey was conducted in mid-July 2015 (the peak of the growing season in the area). For each landslide, we estimated vegetation cover, identified all plant species and recorded the number of individuals of each plant species on the entire surface of the scar, the entire surface of the deposit, and each of six quadrats (2×2 m) evenly distributed in the surrounding vegetated area. Vegetation cover was estimated visually by three observers. The number of plant species that appeared in each of the two landslide zones and the surrounding vegetated areas was used as an estimate of species richness. The number of individuals of each clonal species that appeared was recorded by counting the number of its patches (all the stems in a patch were considered as parts of one individual). Species density, known as the most relevant measure of demographic processes (Lepš et al. 2006) , was considered as an appropriate estimate of species abundance in each of the two landslide zones and the surrounding vegetated areas. To estimate the density of each plant species in each landslide zone, we determined the areas of the scar and the deposit of each landslide (Table S1 ) by taking vertical photographs in the field with a scale reference and then analyzing them with the Image-Pro PLUS software (version 6.0; Media Cybernetics Inc., Rockville, MD, US).
Plant functional traits
We considered 11 plant functional traits that may reflect the ability of plant species to colonize landslides under a semi-arid climate (Table 2) . We only used plant species that represented more than 80% of the cumulated abundance in each of the two landslide zones and the surrounding vegetated areas because they collect the largest source of functional variation of the vegetation (Pakeman and Quested 2007) , resulting in a list of 71 out of the 112 plant species appeared on landslides and the surrounding vegetated areas. For these plant species we determined the categorical traits through field or laboratory observation and literature search and measured the continuous traits through field or laboratory experiments (Table 2) .
We took plant samples from healthy mature individuals living in full light in the study area. For maximum height, we measured foliage heights of at least 25 individuals of each plant species. For clonality and resprouting capacity, we excavated at least five individuals of each plant species and looked for plant organs such as rhizomes, suckers and lignotubers. A plant species was considered clonal when we found several individuals interconnected through stems or roots (Pérez-Harguindeguy et al. 2013) . A plant species was considered as a sprouter when we found that it retained old dead stems at the same time that new shoots were emerging aboveground from the same individual (Pérez-Harguindeguy et al. 2013) . For the seed traits, we collected 10 seeds from each of 20 individuals of each plant species in each of five different sites. For seed mass, 50 oven-dry seeds (after removing seed appendages and drying at 80°C for 48 h) of each plant species were weighed using an analytical balance (BS 224 S; Sartorius Scientific Instruments (Beijing) Co., Ltd., Beijing, China) with 0.1 mg precision. Germination tests were performed in a growth chamber (RXZ-380C; Ningbo Jiangnan Instrument Plant, Ningbo, China) with a humidity of 60% at 25°C (13 h; 8800 lx illumination) and 16°C (11 h; darkness). The humidity, temperatures, photoperiod length and illumination intensity mimic the average field conditions during the growing season in the area (Wang 2014) . We used four Petri dishes for each plant species, each containing 50 seeds evenly put on two-layer filter paper constantly moistened by double distilled water. A seed was considered germinated when the radicle emerged from the seed coat (Fenner and Thompson 2005) . The number of germinated seeds in each Petri dish was recorded every day for 30 days. Finally, we calculated seed germination rate (the average percentage of germinated seeds within the 30 days) and seed germination speed (the average number of days for the first germination within the 30 days) of each plant species. In addition, the presence of mucilage secretion of seeds, known as an anchorage mechanism of seeds (García-Fayos et al. 2013) , was identified microscopically for each plant species during the germination tests.
Soil properties
We considered eight soil properties that may affect seed fixation and plant persistence on landslides and reflect the availability of soil water and nutrients of landslides for plant establishment and population persistence (Table 3) .
Soil sampling was conducted in landslides 1 to 18 (representing 60% of the 30 landslides) and the surrounding vegetated areas in mid-April 2015 (the early growing season in the area). For each of the two landslide zones and the surrounding vegetated areas, we decided to sample to a depth of 5 cm because over 85% of seeds and most of the root biomass of seedlings can be found there (Chen et al. 2001; Wang et al. 2011b ); then we took three soil samples, each comprising six evenly-distributed cores (height = 5 cm, diameter = 4.80 cm), to determine clay to sand ratio, organic matter content, inorganic nitrogen content and available phosphorus content, and we sampled another three evenly-distributed cores (height = 5 cm, diameter = 5.05 cm) to determine bulk density and available water content. The clay and sand particle counts were determined using a particle size analyzer (Mastersizer 2000; Malvern Instruments Co., Ltd., Malvern, UK). Bulk density was determined gravimetrically in the laboratory. Available water content is the difference between soil moisture content at field capacity (moisture content at 0.3 bar) and that at wilting point (moisture content at 15 bar), which were obtained from the water retention curve determined using a centrifuge (himac CR 21; Hitachi Co., Ltd., Tokyo, Japan) and then fitted using the RETC software (version 6.02, University of California, Riverside (UCR), California, US). Organic matter, inorganic nitrogen and available phosphorus contents were determined using the oil bath-K 2 Cr 2 O 7 titration method, a discrete analyzer (CleverChem 200 + ; DeChem-Tech. GmbH, Hamburg, Germany) and the Olsen method with an ultraviolet photometer (UV-1600; Shanghai Meipuda Instrument Co., Ltd., Shanghai, China), respectively. We also measured soil moisture dynamics in eight selected landslides (landslides 5, 6, 7, 8, 11, 12, 15 and 18) and the surrounding vegetated areas in the Yaozigou watershed. We selected these landslides in a single watershed in order to prevent differences in soil moisture dynamics derived from the spatially heterogeneous distribution of rain during storms. For each of the two landslide zones and the surrounding vegetated areas, T D R s e n s o r s ( T R I M E -P I C O 6 4 ; I M K O Micromodultechnik GmbH, Esslingen, Germany) were used at three evenly-distributed permanent points to a depth of 5 cm in the middle of each month from April to October (within the growing season in the area) in 2015 and 2016.
Data analysis
To quantify general vegetation changes after landslides, we analyzed differences among scars, deposits and the surrounding vegetated areas in vegetation cover and species richness using generalized linear mixed models (GLMMs). Site was considered as a fixed factor with three levels, i.e., scar, deposit and the surrounding vegetated area. Landslide identity was considered as a random factor, giving the spatial interdependence of the two zones of each landslide and the surrounding vegetated area. For vegetation cover, we used a normal distribution with a power link; for species richness, we used a poisson distribution with a log link. Least significant difference (LSD) tests were used for post hoc multiple comparisons among the three geomorphologic classes. Analyses were performed using SPSS (IBM SPSS Statistics 20.0; International Business Machines Corporation, Armonk, New York, US). To quantify changes in plant species composition after landslides, we applied non-metric multidimensional scaling (NMDS) to the data on species abundance of the 30 landslides and the surrounding vegetated areas. This ordination method has been commonly considered as the most robust unconstrained ordination method in plant community ecology, and the smaller the Bstressv alue is, the lower the degree of distortion of the original dissimilarity values among species composition of sampling sites becomes (Oksanen et al. 2016) . We used the BmetaMDS^function of the Bvegan^package written for R 3.3.2 (R Core Team 2017) and selected the BrayCurtis index as a dissimilarity index.
For each of the two landslide zones and the surrounding vegetated areas, we calculated the communityweighted mean (CWM; Garnier et al. 2004 ) of each of the 11 plant functional trait (weighted by the relative abundance of the plant species that represented more It refers to the maximum amount of water that can be stored in soil capillary pores and then absorbed by plants (Lin 2002) .
It reflects the availability of soil water for plants at a moment (Lin 2002) , thus influencing seed germination, seedling survival, and the vegetative and reproductive growth of adult plants (García-Fayos et al. 2000; Fenner and Thompson 2005; Bochet et al. 2007; Gorai et al. 2015) .
Organic matter g kg
The richness of soil organic matter and these soil nutrients can influence seedling survival and the vegetative and reproductive growth of adult plants Walters and Reich 2000; Shiels et al. 2006; Moraes et al. 2016 ).
Inorganic nitrogen (Ammonium and nitrate) mg kg
Available phosphorus mg kg
than 80% of the cumulated abundance). We assigned two values, i.e., 1 and 0, to the first and second classes of each categorical trait, respectively (see Table 2 ), but for seed production, we assigned three values, i.e., 1000, 100 and 10, to the three classes ≥1000, 100-999 and <100 seeds individual
, respectively. To quantify trait changes after landslides, we analyzed differences among scars, deposits and the surrounding vegetated areas in the CWMs of the 11 plant functional traits using GLMMs. For life span, clonality, seed dispersal mode, seed anchorage, seed germination rate, seed first germination and resprouting capacity, we used a normal distribution with an identity link; for plant height and seed production, we used a normal distribution with a log link; and for growth form and seed mass, we used a normal distribution with a power link.
To quantify soil changes after landslides, we first analyzed differences among scars, deposits and the surrounding vegetated areas in the seven physical and chemical properties using GLMMs. For bulk density and available water, we used a normal distribution with an identity link; for slope angle, clay to sand ratio, organic matter and inorganic nitrogen, we used a normal distribution with a log link; and for available phosphorus, we used a normal distribution with a power link. Then, we analyzed differences among the three geomorphologic classes in soil moisture using GLMMs with a repeated measures structure, considering repeated measurement as a within-subject factor. For soil moisture within the growing season of 2016, we used a normal distribution with an identity link; for soil moisture within the growing season of 2015, we used a normal distribution with a log link. In addition, we used the Mantel test to test whether soil properties were spatially correlated because our studied landslides are unevenly distributed in the study area. First, we standardized the values of soil variables (excluding soil moisture) in each of the two zones of the 18 landslides and the surrounding vegetated areas using the Bchi.square^command of the Bvegan^package, and we calculated a dissimilarity matrix of the soil variables among sites of the 18 landslides based on the Bray-Curtis index of the Bveganp ackage. Then, we calculated the inverse matrix of the geographic distances among sites of the 18 landslides. And last, we used the Bmantel^com-mand of the Bvegan^package to quantify the correlation between the two matrices.
To identify the soil properties that could drive postlandslide changes in plant species composition, we fitted soil vectors (excluding soil moisture) onto an abundance-based NMDS ordination of the 18 landslides and the surrounding vegetated areas for which we had data on both plant species abundance and soil variables using the Benvfit^function of the Bvegan^package. Furthermore, to identify the plant functional traits that could reflect post-landslide changes in plant species composition, we fitted trait vectors onto the abundancebased NMDS ordination of the 30 landslides and the surrounding vegetated areas using the same function.
Results
Vegetation properties
We found that the vegetation cover of scars was significantly lower than those of deposits and the surrounding vegetated areas, while species richness did not differ significantly among scars, deposits and the surrounding vegetated areas (fixed effect: F 2, 86 = 5.479 and 0.188, respectively, and p-values = 0.006 and 0.829, respectively; see Table S2 for other relevant statistics) (Fig. 1) .
Within the NMDS ordination space (Fig. 2) , we found that the scar and the deposit of each landslide and the surrounding vegetated area appeared close to each other with few exceptions, and that scars, deposits and the surrounding vegetated areas were all not clustered and none of the three geomorphologic classes was separated from each other, indicating a higher degree of similarity among the three geomorphologic classes than among the sites within each geomorphologic class.
Plant functional traits
We found that none of the 11 plant functional traits differed significantly among scars, deposits and the surrounding vegetated areas (fixed effect: for life span, growth form, plant height, clonality, seed production, seed dispersal mode, seed mass, seed anchorage, seed germination rate, seed first germination and resprouting capacity, Table S3 for other relevant statistics) (Fig. 3) .
When we fitted trait vectors onto the NMDS ordination (Fig. 2) , we found that along the axis 1, plant species composition was positively correlated with growth form, plant height, seed production, seed mass, seed anchorage and seed germination rate (r-values = 0.485, 0.349, 0.308, 0.109, 0.165 and 0.175, respectively, and p-values = 0.001, 0.001, 0.001, 0.006, 0.002 and 0.002, respectively) and was negatively correlated with seed dispersal mode, days for seed first germination and resprouting capacity (r-values = −0.313, −0.230 and −0.371, respectively, and all p-values = 0.001); and along the axis 2, it was negatively correlated with life span (r-value = −0.154, and p-value = 0.001).
Soil properties
We found that scars were significantly steeper than deposits and the surrounding vegetated areas, while clay to sand ratio, bulk density, available water, organic matter, inorganic nitrogen and available phosphorus did not differ significantly among scars, deposits and the surrounding vegetated areas (fixed effect: Table S4 for other relevant statistics) (Fig. 4) .
We also found that soil moisture in 0-5 cm layer did not differ significantly among scars, deposits and the surrounding vegetated areas within the growing seasons of 2015 and 2016 (fixed effect: F 2, 158 = 0.056 and 0.284, respectively, and p-values = 0.946 and 0.753, respectively; see Table S4 for other relevant statistics) (Fig. 5) .
In addition, we found that the soil properties (excluding soil moisture) were not spatially correlated (r mantel = 0.007, and p-value = 0.357). Fig. 1 Boxplots of values of vegetation cover and plant species richness of scars (S), deposits (D) and the surrounding vegetated areas (SVA) (n = 30). Different letters denote significant differences at the 0.05 level in the post-hoc LSD tests Fig. 2 NMDS ordination graph based on species abundance of the two zones of the 30 landslides and the surrounding vegetated areas with the presentation of the CWMs of the trait variables that were significantly correlated with plant species composition at the 0.05 level (n = 30; stress value = 0.240). Numbers denote landslides, and circles, triangles and stars denote scars, deposits and the surrounding vegetated areas, respectively. The two zones of each landslide and the surrounding vegetated area were linked with gray solid lines. LS, GF, PH, SP, SDM, SM, SA, SGR, SFG and RC denote life span, growth form, plant height, seed production, seed dispersal mode, seed mass, seed anchorage, seed germination rate, seed first germination and resprouting capacity, respectively When we fitted soil vectors (excluding soil moisture) onto the NMDS ordination of the 18 landslides (Fig. 6) , we found that along the axis 1, plant species composition was positively correlated with soil available phosphorus content (r-value = 0.155, and p-value = 0.015) and was negatively correlated with soil clay to sand ratio and available water content (r-values = −0.299 and −0.133, respectively, and p-values = 0.001 and 0.027, respectively).
Discussion
In this study, we hypothesized that under a semi-arid climate, landslides would exert profound effects on soil properties and then on vegetation properties, and that plant-soil interactions during plant recolonization could be revealed through post-landslide changes in plant functional traits. However, our findings did not fit the hypothesis.
First, we found that soil physical properties, soil moisture and soil fertility did not differ significantly between landslides and the surrounding vegetated areas and between scars and deposits (Figs. 4 and 5) , in contrast with most of the reported soil changes after landslides under other climate regimes, where soils after landslides typically become much more compact, arid and infertile compared with the surrounding undisturbed substrates, and within landslides, soils of scars are much more infertile than those of deposits (Adams and Sidle 1987; Fig. 3 Boxplots of the CWMs of the plant functional traits in scars (S), deposits (D) and the surrounding vegetated areas (SVA) (n = 30). Different letters denote significant differences at the 0.05 level in the post-hoc LSD tests Guariguata 1990; Dalling and Tanner 1995) . However, the lack of changes in soil properties after landslides in our study area can be explained from the perspective of pedogenesis. Huang (2011) reported that until 500 cm depth, the soil profile in the area is homogeneous in clay mineral composition and CaCO 3 content, corresponding to homogenous deposition and formation of the loess within the last 11,500 years; and that high CaCO 3 content and extremely low magnetic susceptibility of the soil profile indicate that a cold semi-arid climate has been Fig. 4 Boxplots of the values of the soil properties of scars (S), deposits (D) and the surrounding vegetated areas (SVA) (n = 18). Different letters denote significant differences at the 0.05 level in the post-hoc LSD tests prevailing all the time and leads to comparatively slow formation of the loess in the area. From this depth downwards, there may be a substantial change to more ancient soils, i.e., Lishi loess and Wucheng loess, which were formed during the Pleistocene and have distinctive physical and chemical properties (Liu and Ding 2004) . Since (n = 8). Black solid horizontal lines from above to below denote the respective field capacities of scars, deposits and the surrounding vegetated areas, and gray solid horizontal lines from above to below denote the respective wilting points of scars, deposits and the surrounding vegetated areas. Soil moisture is available for plants only when its value is between field capacity and wilting point (Lin 2002) Fig. 6 NMDS ordination graph based on species abundance of the two zones of the 18 landslides and the surrounding vegetated areas with the presentation of the soil variables that were significantly correlated with plant species composition at the 0.05 level (n = 18; stress value = 0.224). Numbers denote landslides, and circles, triangles and stars denote scars, deposits and the surrounding vegetated areas, respectively. AP, CTSR and AW denote available phosphorus, clay to sand ratio and available water, respectively our studied landslides (<50 cm erosion depth) were not deep enough to erode the deep-seated Lishi loess or even Wucheng loess, the topsoil that we sampled from scars, deposits and the surrounding vegetated areas should have no critical differences.
Second, in accordance with previous research (Lundgren 1978; Velázquez and Gómez-Sal 2007) , we found that scars were significantly steeper than the surrounding vegetated areas, and within landslides, scars were significantly steeper than deposits (Fig. 4) . The potentially filtering effect of slope angle on plant recolonization following landslides has been identified, largely as a consequence of intensified soil erosion on the newly exposed soil surfaces (Wilcke et al. 2003; Shiels et al. 2008; . Thus, in our study area, slope angle was expected to be a potential filter on scars, filtering or restricting the plant species whose seeds or individuals have difficulties with persistence. In contrast, deposits were expected to be a species reservoir because of their gentler slopes.
Despite these expectations, we found that plant species richness and composition did not perceptibly varied between landslides and the surrounding vegetated areas and between scars and deposits (Figs. 1 and 2), in a stark contrast with the reported vegetation changes after landslides under other climate regimes, where the surrounding rare or minor species or even exotic species can remarkably increase their abundance on landslides, by the relevance with the exposure of underlying soil caused by landslides (Restrepo and Vitousek 2001; Neto et al. 2017) , and within landslides, several species are much more abundant or frequent on deposits than on scars, partly because of the presence of remaining soil (Guariguata 1990; Velázquez and Gómez-Sal 2007) . Furthermore, the lack of changes in plant species richness and composition after landslides in our study area suggests that the surrounding plant species will not be strongly filtered by (the steepest) scars, nor by (the gentle) deposits, and both scars and deposits can hardly change the relative abundance of colonizing species relative to their abundance in the surrounding vegetated areas. This suggestion is also supported by the findings that none of the plant functional traits differed significantly between landslides and the surrounding vegetated areas and between scars and deposits (Fig. 3) . Another convincing proof is that the soil properties (slope angle in particular) and plant traits (growth form, seed mass, seed anchorage and resprouting capacity in particular) had weak correlations with plant species composition (all the correlation coefficients <0.500; Yu and He 2003) , and more importantly, that none of them could differentiate between landslides and the surrounding vegetated areas and between scars and deposits along the NMDS ordination axes (Figs. 2 and 6) , in other words, there were no soil properties that could drive changes in plant species composition after landslides, nor plant functional traits that could reflect the expected changes in plant species composition.
It is not difficult to understand the lack of vegetation and trait changes after landslides in our study area. Huang (2011) found that a cold semiarid climate has been lasting for 11,500 years since the Holocene in the area. Landslides have also been occurring in the area for millennia as a consequence of slope regularization and human activities (Liu and Wu 1996; Li et al. 2008 ). Therefore, we may realize that the current regional species pool should have been composed of the species whose traits reflect higher fitness for the climate conditions as well as the soil conditions of landslides. We may further predict that plant species inhabiting the area could colonize not only shallow-seated landslides but also deep-seated landslides without much difficulty. This is an interesting prediction that remains to be tested.
In terms of vegetation cover, we found that, two years after landslides, deposits had approached the value of the surrounding vegetated areas, while the value of scars was significantly lower than those of deposits and the surrounding vegetated areas (Fig.  1) . These findings are in agreement with those reported for landslides in the Franconia Notch of US, where the vegetation recovery of scars tends to be tardy relative to that of deposits (Francescato et al. 2001 ). This within-landslide difference in the speed of vegetation recovery in our study area can be interpreted from a biological perspective. Landslides often leave lots of available seeds, sprouts and plants to deposits but leave scarcely any biological legacies to scars (Guariguata 1990; Restrepo et al. 2009 ). Therefore, in our study area, deposits probably had a head start over scars in terms of vegetation recovery just after landslide formation and thus could be revegetated comparatively quickly. Despite this difference, the vegetation recovery of scars should be only a matter of time because most of the surrounding species have already appeared on scars just two years after landslides ( Fig. 2 and Table S5 ).
Although our findings did not fit our hypothesis, they highlight the restoration potential of our studied landslides and the resistance of our slope ecosystems to landslide disturbance. First, species richness was not strongly reduced because of landslide formation (Fig.  1) . Second, with few exceptions, species composition on the two-year-old scars and deposits had approached that on the surrounding vegetated areas (Fig. 2) , and more importantly, the most abundant species in whether the surrounding vegetated areas or the two-year-old scars and deposits were almost the same (Table S5 ). These findings indicate that the surrounding plant species play an important role in providing available propagules for landslides, especially for scars, and that neither scars nor deposits have to experience a long-term succession process to approach the surrounding species composition. Third, deposits only took two years to approach the surrounding vegetation cover (Fig. 1) . A similar restoration potential has been reported for landslides in the Mgeta Valley of western Uluguru Moutains of Tanzania (Lundgren 1978) , but other landslides, such as those in the Luquillo Experimental Forest (subtropical lower montane wet forest) on the upper Luquillo Mountains of Puerto Rico may require at least 50 years to approach the mature-forest species composition (Guariguata 1990 ) and those in the Ninole ridges on the island of Hawai'i of USA may require at least 130 years to resemble the undisturbed-forest species composition (Restrepo and Vitousek 2001) .
In conclusion, under the semi-arid climate of the area, landslides do not have profound effects on soil properties and plant species richness and composition, telling a different story from those landslides under other climate regimes and implying great potential for the restoration of landslides and the resistance of slope ecosystems to landslide disturbance in the area. We may propose that a huge investment in restoration measures for landslides in the area is not necessary.
